There have been relatively few studies of induced mutations in actinomycetes when compared with certain bacteria and fungi. Most of these studies (Dulaney et at., 1949; Katagiri, 1954; Savage, 1949) were concerned primarily with obtaining strains with enhanced antibiotic production, although a few (Appleby, 1948; Kelner, 1948; Newcombe, 1953) dealt with other types of mutants. None of these studies included Streptomyces vnezuelae, the actinomycete which produces chloramphenicol. Our study on the irradiation of spores of this species with X-rays was aimed at (1) determination of the relationship between dosage and the survival of this organism and a quantitative estimation of the most readily detected mutants at various dosages and (2) isolation of mutants with blocks in the reactions leading to chloramphenicol for the purpose of elucidating the biosynthesis of this antibiotic (Gottlieb et al., 1954) . This paper, a preliminary report of which has been presented (Gwatkin and Gottlieb, 1955) , deals primarily with the first of these considerations'.
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MATERIALS AN METHODS
S. venezuelae strain R-1 was grown on tryptone-glycerine agar (tryptone, 5 g; glycerine, 10 g; NaCl, 5 g; BY2 extract, 100 ml; distilled water, 900 ml) in flat bottles for 11 days at 26 C. These cultures were stored at 5 C and served as a source of spores throughout the study.
When required for irradiation, the spores were washed from a culture by adding a sterile I This work was supported in part by National Institutes of Health Grant G-4118. 2 To prepare the extract, 50 g of BY (fermentation solubles obtained from Commercial Solvents Corp., Terre Haute, Indiana) were added to approximately 900 ml of distilled water, the mixture boiled % hr, filtered, and the filtrate was made up to 1 L.
solution of 1 part "vatsol"3 to 10,000 parts of distilled water and agitating gently. The resulting suspension was placed in a Waring blendor for 8 min and then filtered through no. 2 Whatman filter paper. More than 90 per cent of the particles in a filtered suspension were single conidia, as determined by microscopic examination. Such spore suspensions were brought to a turbidity (O.D., 27.0 at 530 m,u) corresponding to approximately 1010 viable spores per ml, as determined by plating out on tryptone-glycerine agar.
Three ml of a spore suspension were irradiated in a 15-ml beaker covered by a piece of dialyzing membrane. Because the depth of the suspension was only 2 to 3 mm, the X-ray dosage could be considered uniform throughout, so that no stirring device was necessary. Several of these 3-ml samples were transported to the X-ray apparatus on ice, one sample being used for each X-ray dose.
The source of X-rays was a high intensity beryllium window tube with a tungsten target which delivered unfiltered X-rays. The intensity of these rays at the surface of the sample, 14 cm from the target, was 50 r per min, at 40 kv and 13 ma. Dosages ranged from 25 to 300 kr.
Following irradiation, spore suspensions were usually stored overnight at 5 C. Samples were then plated out in triplicate on tryptone-glycerine agar, the plates incubated at 26 C and colonies counted 48 hr later to determine survivors. With this information dilutions were prepared from the irradiated suspensions so that, when 0.1-ml amounts were spread on agar plates, 5 to 10 colonies developed on each plate. The purpose of spreading rather than pouring plates was to insure surface growth of colonies so that any variations in colony morphology would readily be observed. The plates were incubated 4 days at a mo(lificationi of a sp)raying apparatus (lesigne(l by Stansley (1947) , and reincubated overnight at 37 C in order to detect those colonies not forming appreciable amounts of chloramphenicol. Growth of B. subtilis in no way interfered with observations of morphological and other changes in the colonies. When pure cultures of mutant colonies were desired, transfers were made to tryptone-glycerine agar containing 20 ,ug chloramphenicol per ml to free the cultures of B. subtilis.
RESULTS
Survivors. At 25 kr there were about 10 per cent survivors. As the dosage of X-rays was increased to 100 kr, the number of survivors dropped to about 0.1 per cent. The rate of killing decreased with increasing dosage up to about 100 kr. Above this dosage the rate of killing appeared to remain constant up to 300 kr, the highest dosage given. The relationship between dosage and the survival of S. venezuelae is shown in figure 1 . The curve represents the average of four independent experiments.
Mutant types. On tryptone-glycerine agar plates, parent or wild type colonies were 3 to 5 mm in diameter, with smooth margins, graywhite sporulating upper surfaces, and appeared yellow-brown when viewed from below. A brown melaninlike pigment, typical of the so-called chromogenic actinomycetes, was present in the medium around these colonies. Readily distinguishable from the parent colonies were the following mutant types:
(1) Asporogenous mutant colonies which lacked spore-bearing aerial mycelium.
(2) Yellow mutant colonies which lacked the brown melaninlike pigment and appeared yellow in color.
(3) Irregular mutant colonies which were somewhat reduced in size, flattened, and had irregular colony margins.
(4) Dwarf mutant colonies in which the diameter of the colony was reduced to 0.5 mm or less. Dwarf colonies always lacked aerial spores and were usually brown pigmented.
(5) Colonies without zones of inhibition which represented low or non-producers of chloramphenicol. Such colonies were either indistinguishable in other respects from the parent type or they slhowed, in addlition to altered chloramphenicol pio(luction, characteristics of any one of the above mutant types.
Some of these mutant types are shown in figure 2. Colonies differing in other ways from the parent type were also noted, e. g., colonies with partially reduced sporulation and colonies with slight Several mutant characteristics were often associated. Thus, it was rare to find a yellow mutant that was not also irregular. Asporogenous colonies wer e usually both irregular and lacking in brown pigment.
Yellow, irregular, and dwarf mutants represented less than per cent of the colonies which (leveloped from nonirradiated spore suspensions. Acid production. After 4 days of incubation with shaking at 26 C in tryptone-glycerine, medium dwarf mutants lowered the reaction of the medium to pH 4.3 to 4.4. In contrast, the parent strain and the other mutants tested gave an alkaline reaction, typical of the majority of Streptomyces.
DISCUSSION
Forty-seven kr resulted in 1 per cent survivors (figure 1). One-third of this dose has been reported as producing the same mortality in S. flaveolus (Kelner, 1948) and one-eighteenth of this dose in the case of S. griseus (Savage, 1949 griseus (Appleby, 1948) , one wonders how many of the Nocardia species represent Streptomyces which have permanently lost the ability to sporulate. asporogenous mutants were much more unstable, tending to regain spore-bearing aerial mycelium.
Mycelia of irregular and dwarf mutants fragmented to a much greater extent than the parent strain. This was especially marked in the dwarf mutants. The tendency for fragmentation, combined with the loss of sporulation, might place many of these mutants in the genus Nocardia.
